Objective: This study was conducted to understand how eating speed and oral health condition are associated with obesity in Japanese working men. Methods: We studied a total of 863 men attending an annual medical checkup of the Japanese Maritime Self Defense Force in Sasebo City, Japan. Participants answered a questionnaire about their eating speed, and we examined their anthropometric status in terms of BMI, waist circumference, and oral health condition, especially periodontal disease and number of functional teeth. Multivariate logistic regression analyses adjusting for potential confounding variables were performed. Results: The multivariate-adjusted odds ratio for waist circumference greater than 90 cm of the 'very fast' group compared to the 'slow, very slow' group was 5.22 (95% confidence interval 1.81-15.06) after adjusting for potential confounding factors. Individuals were more likely to have waist circumference greater than 90 cm if they had a larger 'number of missing functional teeth' (odds ratio 1.14; 95% confidence interval 1.01-1.28) and severe periodontal disease (odds ratio 2.74; 95% confidence interval, 1.46-5.13). Conclusion: Eating speed, the number of missing functional teeth, and severe periodontal disease are associated independently with larger waist circumference.
Introduction
The prevalence of obesity has increased worldwide and among Japanese people. According to the World Health Organization report in 2016, around 39% of adults aged 18 years and over were overweight, and 13% of adults aged 18 years and over were obese [1] .
Questionnaire
The survey comprised a self-administered questionnaire. In the questionnaire, participants responded by selecting one of five categories -'very slow,' 'slow,' 'ordinary,' 'fast,' and 'very fast' -to the question: 'How fast is your eating speed compared with others?' This question was referred to previous studies [13, 14] . The validity of the question has been demonstrated by the high level of concordance between self-reported and friend-reported rate of eating [14] . We also asked about participants' lifestyle factors, such as frequency of physical exercise (regularly, sometimes, or other, including former regularly and never), smoking habit (nonsmoker, past smoker, or current smoker), and alcohol intake (yes or no).
Oral Examination
One dentist among the authors examined the oral health status of each of the participants. Periodontal status was assessed using the score based on the Community Periodontal Index (CPI) recommended by the World Health Organization [30] . All of the teeth were divided into six sextants, and eight designated molars (the first and second molars) and two incisors (upper right and lower left central incisor) were probed as representatives of each sextant. Sextants with fewer than two teeth were excluded. The score for each sextant was simplified in the following way: score 0, CPI code 0 to 2; score 1, CPI code 3 (pocket probing depth 4-5 mm); score 2, CPI code 4 (pocket probing depth ≥ 6 mm). The sum of the scores of all sextants was divided by the total number of existing sextants, and this simplified CPI score was designated the 'severity of periodontitis [31] . ' We used two dental status variables: 'number of present teeth,' defined as the sum of the number of sound teeth, treated teeth, and decayed teeth; and 'number of missing functional teeth,' defined as the number of teeth judged to need prosthetic treatment in order to make occlusal pair of opposing teeth; i.e., the sum of the number of teeth lost and the number of teeth so severely decayed that only the root remained. Number of functional teeth was positively associated with chewing ability [32] . Therefore, the greater the number of missing functional teeth you have, the lower your masticatory ability.
Statistical Analysis
The two-sample t-test was used to compare the mean of the number of present teeth or the number of missing functional teeth between subjects who were at normal weight or overweight, and with low or high WC according to the Japanese criterion. The Mantel-Haenszel extension of the chi-square test for trends was performed to compare the categorical parameters between subjects who were overweight or had a higher WC by the Japanese criteria. One-way analysis of variance was used to compare the means of BMI or WC among eating speed categories in each age group. Multivariate logistic regression analysis was used to calculate the odds ratios (ORs) of each variable for overweight or obese subjects and also for subjects with higher WC by both criteria.
All statistical analyses were performed using SPSS ® Statistics (version 20.0; IBM, Tokyo, Japan). A level of p < 0.05 was considered to indicate statistical significance. Figure 2 shows the mean BMI (A) or WC (B) among subjects with each eating speed according to age group. In all age groups, the mean BMI was 24.0 ± 3.3 (slow, very slow), 24.9 ± 3.8 (ordinary), 26.1 ± 3.8 (fast), and 27.0 ± 3.3 (very fast). The mean WC was 82.4 ± 8.0 (slow, very slow), 85.3 ± 10.1 (ordinary), 87.9 ± 9.9 (fast), and 89.0 ± 8.1 (very fast). Table 1 shows the mean BMI and WC and the percentage of subjects who were overweight and had high WC using the Japanese criterion according to demographic and behavioral characteristics. BMI and WC increased significantly with increasing 'eating speed' (p for trend < 0.001 for both), 'number of missing functional teeth,' (p = 0.01 for both), and 'periodontal status' (p for trend = 0.001 for both). 'Military ranks' were associated with both BMI (p < 0.001) and WC (p = 0.005). Table 2 shows multivariate ORs and 95% confidence intervals (95% CI) for subjects who are overweight, obese, and with higher WC by both criteria. The ORs for having a BMI ≥ 25 kg/m 2 and having a BMI ≥ 30 kg/m 2 were 2.65 (95% CI 1.52-4.65) and 2.66 (95% CI 0.92-7.72), respectively, in the group with 'fast' eating speed compared with 'slow, very slow eating speed'. These figures increased to 5.04 (95% CI 1.95-13.07) or 4.80 (95% CI 1.21-19.09) in the group with 'very fast eating speed'. The ORs of WC ≥ 85 cm and WC ≥ 90 cm were 1.72 (95% CI 0.96-3.11) and 2.34 (95% CI, 1.08-5.05), respectively, in the group with 'ordinary' eating speed compared with 'slow, very slow eating speed'. These figures also increased to 3.13 (95% CI 1.74-5.64) or 3.90 (95% CI, 1.82-8.34) in the group with 'fast', and to 6.59 (95% CI, 2.37-18.48) or 5.22 (95% CI, 1.81-15.06) in the group with 'very fast eating speed'. The adjusted ORs of overweight subjects with a WC ≥ 85 cm, and WC ≥ 90 cm for each additional missing functional tooth were 1.14 (95% CI 1.01-1.28), 1.14 (95% CI 1.01-1.29), and 1.14 (95% CI 1.01-1.28). The adjusted ORs of overweight and obese subjects were 2.14 (95% CI 1.45-3.15) and 3.72 (95% CI, 1.63-8.48), respectively, whereas the adjusted ORs of WC ≥ 85 cm and WC ≥ 90 cm were 1.87 (95% CI, 1.27-2.77) and 2.48 (95% CI, 1.56-3.94) respectively, when comparing a 'petty officer' with an 'officer.' Periodontal disease tended to be more severe in overweight and obese subjects and in those with higher WC, and was significantly more prominent in subjects with WC ≥ 90 cm (OR 2.74, 95% CI 1.46-5.13). Subjects with alcohol habit and a BMI ≥ 30 kg/m 2 had lower OR of 0.56 (95% CI 0.34-0.93). Subjects who answered 'exercise sometimes' had significantly higher BMI and also WC than subjects who answered 'exercise regularly'. Smoking habit was not significantly related to obesity.
Results

Figure
Discussion
Our study had two major findings. First, eating speed, loss of functional teeth, and severe periodontal disease were independently associated with obesity. Second, a lower ranking in the military was associated with an increased risk of obesity. Several studies have reported that eating speed has a positive relationship with obesity in almost all age groups and populations [13] [14] [15] [16] [17] [18] . This relationship may be explained by the following two aspects: i) Less mastication activates fewer histamine neurons in the brain, leading to delayed sense of stomach fullness and resulting in overeating. The activation of histamine neurons suppresses food intake physiologically by affecting both eating volume and eating speed through H1 receptors in the ventromedial hypothalamus and the hypothalamic paraventricular nucleus, which are known to be satiety centers [33] . ii) Another mechanism is a rapid increase in blood glucose level causing excessive insulin secretion and inducing insulin resistance of a variety of cells. Reduced insulin sensitivity leads to overeating, thus promoting obesity [21] .
Although an association between obesity and tooth loss has been reported among adults [26, 27] , several studies have found no such associations after adjusting for confounding factors [34] . These previous studies did not consider other oral health conditions such as dental caries and periodontal disease. In our study, we found that functional tooth loss and relatively severe periodontal disease, as well as eating speed, were independently associated with obesity, especially with WC ≥ 90 cm. Recent epidemiological studies have confirmed the In the 34-to 39-year-old of panel A, the fast group had significantly higher BMI than the ordinary group (p = 0.02). Additionally, in the 40-to 44-year-old group, the very fast group and the fast group had significantly higher BMI than the very slow/ slow group (p = 0.01 and p = 0.04, respectively). In the 40-to 44-year-old of panel B, the very slow/slow group and the fast group had significantly lower WC than the very fast group (p < 0.01 and p = 0.02, respectively).
accumulating evidence of the relationship between obesity and periodontal disease [7, 8, 25] , and we also recognized the related tendency especially in WC ≥ 90 cm in this study (p = 0.002, table 2 ). Various oral health problems, such as decayed teeth with cavity sometimes with pain, severe periodontal disease with teeth loosening and tooth losses, deteriorates occlusal function and ability to eat, eventually resulting in an unhealthy dietary lifestyle. We might change our diet to nutrient-dense foods, favoring softer foods rich in higher carbohydrates, sugars, and saturated fats [35, 36] , which are not recommended as healthy diet. People develop eating speed and masticatory habits in youth, and it may therefore be more difficult to motivate behavioral change in adulthood. Our finding that the loss of functional teeth was independently associated with obesity indicates that obesity could be prevented by ensuring that people receive proper periodontal and/or prosthetic dental treatment. The importance of taking lifestyle and socioeconomic status into account is emphasized by our finding that a lower ranking in the military was associated with a high rate of obesity. Military rank is a marker of a person's socioeconomic status. Socioeconomic status has a significant influence on nutrition, physical health, accessibility to medical care, and life expectancy [37, 38] . In western nations, there are many studies about socioeconomic status because data about health inequalities are often available. In Japan, few studies have included socioeconomic status, and disparities are relatively small [39] . In this study, we identified a health inequality in a social group which has small disparities. This finding indicates that different approaches must be considered when providing health education to officers and petty officers.
This study had several limitations. First, the cross-sectional design of this study makes it difficult to draw any conclusions on causal relationships based on the findings. Prospective and/or interventional studies are required to confirm the association between oral health status, eating speed, and obesity. An impact of reducing eating speed and improving oral health status on obesity prevention is to be expected in such studies. Second, we used eating speed determined by self-report for analysis. Though it is not an objective index, several studies have found a positive relationship between subjective eating speed and BMI [13, 40] . Finally, because participants in our study were in a special, uniform group, it may be difficult to generalize these results. Compared with civilians, our study participants work harder physically [41] and eat a larger amount of food and so have a higher energy intake.
In summary, eating speed and the number of missing functional teeth are associated with obesity and high WC. Additionally, military rank also shows an association with these parameters. Thus, eating slowly and maintaining chewing ability through proper periodontal and/ or prosthetic dental treatment may lead to better dietary habits, which could help to prevent obesity. Also, military rank should be taken into account in health education about obesity.
Disclosure Statement
The authors declare no conflict of interest.
